Enteric methane (CH4) is an important source of digestible energy loss in ruminants. We hypothesised that low residual feed intake (RFI) dairy heifers, which are more feed efficient, would produce less CH4. We measured daily CH4 production (g/d), CH4 yield (g/kg DMI), and CH4 per body weight (BW) gain (BWg) for 56 pregnant heifers (20-22 mo old) in a 2 x 2 factorial arrangement: factors included breed (Holstein-Friesian and Jersey; n=28/breed) and RFI category, either high (+2.0 kg DM/d) or low (-2.1 kg DM/d; n=28/RFI category). RFI category did not affect heifer BW or BWg, but low RFI heifers had significantly lower DMI and DMI/kg BW. RFI category did not affect CH4/d or CH4/kg BWg; but, CH4/kg DMI was greater in low RFI heifers because of their lower DMI. The increased methane yield in low RFI heifers potentially reflects more complete digestion of ingested feed in these animals, consistent with previous reports of greater apparent digestibility of organic matter in low RFI cows. Holstein-Friesian heifers were heavier, consumed more total DM, and produced more CH4/d. However, breed did not affect CH4/kg DMI or CH4/kg BWg. In conclusion, selecting dairy heifers for low RFI is unlikely to affect daily CH4 production (g/d), and may increase CH4 yield (g/kg DMI).
Introduction
Rapid growth in human populations and concomitant rising demand for animal products are generating concerns that enteric CH4 emissions are contributing to climate change (Garnsworthy et al. 2012; Huhtanen et al. 2015) . Reducing these emissions, while maintaining current production, requires improved feed conversion efficiency (FCE; Waghorn et al., 2012; Potts et al., 2015) . Ruminants eruct 5-10% of their gross energy intake as CH4 (van Soest 1994) . Selective breeding for more feed efficient animals could both reduce CH4 emissions and increase productivity. Residual feed intake is a measure of FCE that describes the difference between an animal's actual DMI and its predicted DMI for maintenance and production. Residual feed intake has been positively associated with daily CH4 production in beef steers (i.e. low RFI animals produced less CH4/d; Nkrumah et al., 2006; Hegarty et al., 2007; Fitzsimons et al., 2013) . Differences in FCE have been reported between breeds, with Jersey (Jer) cows requiring less feed/kg of milk components produced than Holstein-Friesian (HF) cows (L'Huillier et al., 1988; Prendiville et al., 2009; Spaans et al., 2018) . This is probably due to the comparatively larger gastrointestinal tract of Jer cows, promoting an increase in NDF and DM digestibility (Beecher et al. 2014) . Therefore, it is plausible that these breeds differ in CH4 production and CH4/kg DMI. We hypothesised that high feed efficient (low RFI) heifers would emit less CH4/kg DMI than high RFI heifers, and that Jer heifers would have lower CH4 yield than HF heifers.
Materials and methods
We measured daily CH4 production in a 2 x 2 factorial arrangement of breed and pre-defined RFI category: 28 Holstein-Friesian and 28 Jersey pregnant heifers (20-22 mo old) previously identified as high RFI (+2.0 kg DM/d) or low RFI (-2.1 kg DM/d; n = 14/treatment). The Ruakura Animal Ethics Committee (Hamilton, New Zealand) approved all animal manipulations in accordance with the New Zealand Animal Welfare Act (1999). The experiment was undertaken at Lye Farm, Hamilton, New Zealand (37°46'S 175°18'E) between March and June 2017.
The heifers were split into two cohorts and housed in a free-stall facility for approximately 30 d with unrestricted access to dried lucerne cubes from feeding stations, from which feed disappearance was electronically measured and the volume of exhaled gas measured and sampled for real-time CH4 analysis (C-Lock Inc., Rapid City, SD, USA). Mean daily DMI and CH4 emissions were calculated for each animal. Dependent variables were analyzed using a linear model that included the effects of breed, RFI category, their interaction, and cohort as blocking factor. Statistical analyses were performed using R (version 3.3.3, R Core Team, 2017). Results are presented as least-squares means and standard error of the difference, and significance was declared if P≤0.05.
Results and discussion
Average CH4, DMI, and BWg summary data are presented in Table 21 . Breed x RFI category interactions were not significant. RFI category had no significant effect on BW or BWg, but DMI and DMI/kg BW were 9.3% and 10.6% lower, respectively, in low RFI compared with high RFI heifers. RFI category had no effect on CH4/d or CH4/kg BWg. However, low RFI heifers had a 9.7% greater CH4/kg DMI than heifers in the high RFI category because of their lower DMI. Therefore, our results do not support our hypothesis that low RFI animals would have lower enteric CH4 emissions. These results indicate that differences in ruminal digestive efficiency may explain the greater FCE in low RFI heifers. If lower RFI is a result of greater ruminal feed digestibility, particularly NDF digestibility in a high forage diet, this would be expected to increase CH4/kg DMI (Moate et al. 2016) . This is consistent with the previously reported greater physical breakdown of feed (Gregorini et al. 2015) and the higher apparent digestibility of organic matter (Rius et al. 2012) in low RFI animals.
Previously reported effects of RFI on enteric CH4 production in cattle are limited to beef animals. Most studies report a positive relationship between RFI and both DMI and CH4/d (Nkrumah et al. 2006; Hegarty et al. 2007; Fitzsimons et al. 2013) ; however, the effect of RFI on CH4/d is not consistent (McDonnell et al. 2016) . The reason for the inconsistent effects of RFI on CH4 production between our study and previous beef cattle research is not known, but it might relate to differences in diet, gender, age or physiological state.
Breed affected BW, DMI, and CH4 production. HF heifers were heavier and consumed more than Jer heifers, with similar BWg between breeds. HF heifers produced about 10.3% more CH4/d than Jer heifers due to their greater DMI. However, breed did not affect CH4/kg DMI or CH4/kg BWg. The lack of breed effect on CH4 yield in our study is consistent with previous reports, despite a reported greater FCE of Jer animals (Goddard and Grainger 2003) . Further research is required to understand the mechanisms supporting the greater FCE in Jer animals. Our data indicate that dairy breed does not affect CH4 yield (g/kg DMI) and any difference in daily CH4 production are associated with differences in DMI.
Conclusion
Selecting dairy heifers for low RFI did not reduce total daily CH4 production because, despite a lower DMI, these animals produced more CH4/kg DMI. In addition, HF heifers produced more CH4 on a daily basis (g/d) due to increased DMI, but there was no effect of breed on methane yield (g/kg DMI). 
